monolayer cultures is given in Table 1 . The yield and rate of production of the L cell was higher in continuous-flow culture than in monolayer culture, but the reverse was the case with-the ERK cell. Apparently the optimum conditions for growth of the ERK cell were not realized in continuous-flow culture.
There was much variation in cell yields. Control of the variation seems to require identification of the growth-promoting factor in serum which is essential for optimum growth of nearly all animal cells. This perhaps is the outstanding problem in the qualitative definition of nutrients. The quantitative relationships between cell yields and nutrient supply remain almost entirely unknown. Contributions to knowledge in this field may be expected to lead to increases in population density and rate of growth. The development of animal cell culture should soon require the application of the more elaborate continuous-flow culture techniques such as: (1) The baby hamster kidney cell strain (BHK 21) originated from normal hamster kidney tissue and the early monolayer transfers of the cloned strain (clone 13) were considered to be diploid (MacPherson & Stoker 1962) . Since Capstick et al. (1962) first described the growth of the cloned strain in suspension cultures, we have concentrated on determining the precise environmental conditions for optimal growth of the cells in vessels commonly used for bacterial cultivation. This paper records the results of these experiments.
Methods
The cells were grown as batch cultures in vessels of two designs: a small glass flask containing 200 ml of culture fluid and a 5-litre vessel similar to that described by Elsworth et al. (1958) . The vessels were agitated mechanically and pH was controlled by manual adjustment of the proportions and flow rate of the CO2/air surface aeration mixture. The medium consisted of Eagle's basal medium modified to contain twice the normal concentration of amino acids and vitamins with the addition of 10% Seitz filtered bovine serum, 10% tryptose phosphate broth and 0.1 % methyl cellulose. Antibiotics -penicillin, streptomycin, neomycin and mycostatin -were usually incorporated in the medium. The growt'h characteristics of the cells were similar in both designs of vessel. , actualgrowth
Results
Cell growth was measured in terms of nuclei. Attempts to measure gro' tion of the total cellular protein (O 1956 ) and of nuclear DNA were uns The characteristics of the growl clone 13 cells are shown in the gr Fig 1. On first seeding, the pH valut was adjusted to 7 0-7 2 by gassi CO2 in air over the surface of the cell population levels of 1-3 x 10 were generally used but this I critical. After an initial lag phase sixteen hours, the growth rate inc tween cell population levels of 4 x growth was exponential with a me time (Herbert et al. 1956 ) of fourteen hours. At population level per ml the mean generation time creased. Linear growth during thi indicates the operation of a growt factor. A peak population of 1-2-per ml was reached at approximate hours; this represents a cell yield o cells per ml of medium. Cell viabi by trypan blue permeability, remair mately 95 Y. throughout the culture
Optinmal Cell Environment
Because occasionally much high were obtained, the optimal levels c agitation and nutrient were studied. temperature range was between 3 (Fig 2) ; at the higher temperature the percentage cell viability decreased rapidly after the maximum cell population peak at seventy-two hours. At temperatures lower than 37°C, the cell population remained viable at the peak level for some hours after growth ceased.
Alterations to the stirrer speed between 300 and 700 rev/min demonstrated that above 540 rev/min both the growth rate and the cell viability declined rapidly. The effect of stirrer speed will, of course, vary with the size and design of the vessel.
In preliminary investigations into nutrient substrate deficiencies, we used the growth on glass of monolayer passaged cells. The Eagle's modified medium recommended by MacPherson & Stoker (1962) contains 14 added amino acids, two of these, 1-tryptophan and 1-glutamine, being heat labile. We found that tryptose phosphate broth so oo (TPB) would act as a substitute for the remaining 12 (heat stable) amino acids except 1-cystine; this was not present in sufficient amounts in 10 % HK 2cloe 13 TPB or 10% serum.
-* theoretical To determine whether the growth-rate-limiting factor in the upper part of the growth curve of batch cultures was a nutrient substrate deficiency, a concentrated supplement was prepared of TPB, 1-glutamine, 1-cystine and 1-tryptophan. This of the number supplement was added at twenty-four-hour wth by estima-intervals to the cultures. Control cultures received Oyama & Eagle an equal volume of phosphate buffered saline. satisfactory.
The volume of the supplement was 5% of the th of BHK 21 total culture volume and the concentration such rowth curve in that the amounts of TPB and amino acids added e of the culture were equal to the amounts originally present in ing with 10% the medium. The peak cell population in the culture. Initial supplemented culture was found to be twice that 5 
